INTRODUCTION
The number of uninsured Americans, approximately 50.7 million, is at the highest level since the census began collecting this data in 1987. 1 The 2010 Affordable Care Act is designed to address this need, with expected provisions of the law to provide health insurance to 32 million uninsured by 2019.
Having health insurance may alleviate some, though not all, of the financial pressures associated with diabetes, especially among low-income racial/ethnic minorities. Previous studies have found that socioeconomic differences such as insurance status explained a significant portion of the general health disparities that exist among racial/ethnic minorities. 2, 3 Specifically among patients with diabetes, healthcare access and insurance status have been shown to explain some, but not all, of the disparities in glucose control among Latinos. 4, 5 Asian
American patients were not included in these studies. These studies did not focus on the financial barriers that may prevent people from getting medical care. For example, low-income patients may not be able to take time off from work to go to the doctor or afford the co-payment for office visits. Additionally, even in the absence of barriers to obtaining care, having diabetes may bring additional perceived financial burdens to patients and their families who have to balance the cost of obtaining healthcare against competing financial demands, such as paying for food or rent.
When faced with financial hardships, people may alter their behaviors in attempts to save money. For example, in a national survey of older adults with diabetes, 19% reported cutting back on use of their medications because of cost, 20% reported forgoing food and other essentials, 14% increased credit card debt, and 10% borrowed money from family or friends in order to pay for medications. 6 Previous research has shown that many financial factors contribute to cost-related medication non-adherence (CRMN), including patients' income and out-of-pocket drug cost. However, there has been little research that directly links these financial factors to an intermediate biological outcome such as glucose control, particularly in lowincome minority populations. 4 Thus, in the current study, we examined patients' selfreported financial pressures, which included: 1) the presence of financial barriers to getting medical care; and 2) the perceived financial burden of having diabetes. We hypothesized that these financial pressures, and other financial factors such as income and out-of-pocket medication costs, would be associated with patients' cost-related medication adherence and glucose control, independent of patients' insurance status.
RESEARCH DESIGN AND METHODS

Study Population
Data for the current study came from the Reducing Racial/ Ethnic Disparities in Diabetes: The Coached Care (R2D2C2) Project, a 2-year, randomized control trial of patients with type 2 diabetes designed to increase patient participation in medical decision-making. Enrollment occurred from May 2006 through February 2009. Patients were recruited from seven primary care or endocrinology clinics where they received their primary diabetes care. The project received approval from the University of California, Irvine's Institutional Review Board. Patients were consented to the study when they presented to the clinics for their appointments. Patients were eligible for the study if they were ≥18 years of age, and spoke English, Spanish, or Vietnamese. Patients who had type 1 diabetes, gestational diabetes, dementia, or another severe lifethreatening illness were excluded from the study. Patients who agreed to participate completed an informed consent as well as a Health Insurance Portability and Accountability Act (HIPAA) waiver to obtain consent to review their medical charts. Patients were given a questionnaire to complete, and received a $20 gift card for their participation. Seventy-six percent of eligible patients who were approached consented to complete the survey and allowed access to their medical record information, laboratory, and administrative data. The sample for the study included 1,361 patients who completed the survey; however we excluded 226 respondents who did not have a hemoglobin A1c (HbA1c) test done within 3 months of survey completion, for a final analytic sample of 1,135 patients.
Measures
Main Dependent and Independent Variables. The main dependent variable was hemoglobin A1c. Patients' A1c levels were measured by the central laboratory at the University of California Irvine Medical Center using the D-10 Hemoglobin Testing System (Bio-Rad Laboratories, Hercules, CA). Poor glucose control was determined as having a hemoglobin A1c≥8%, based on the American Diabetes Association and The National Committee for Quality Assurance' definition of poor control. 7 The main independent variables of interest were: 1) the presence of financial barriers to getting medical care; 2) the perceived financial burden of diabetes; 3) cost-related medication non-adherence; and 4) patients' health insurance status. Other financial characteristics of interest included patients' annual household income and their out-of-pocket medication cost.
The Presence of Financial Barriers to Medical Care scale was adapted from the Medical Expenditure Panel Survey (MEPS), a national survey conducted by the U.S. Department of Health & Human Services Agency for Healthcare Research and Quality (AHRQ) since 1996 to collect data on the use and cost of health services in the U.S. 8 The Presence of Financial Barriers to Medical
Care Scale consisted of 3 items asking patients "How much of a problem is each of the following when you try to get medical care? a) You cannot afford care; it costs too much; b) The insurance company wouldn't approve or pay for your care; and c) You cannot get time off from daily responsibilities (i.e. work or childcare) to get care. Response categories were on a 5-point scale ranging from "a major problem" to "not a problem at all." Internal consistency reliability of this scale (Cronbach's alpha) was 0.74. The scale was dichotomized between "not much of a problem/ not a problem at all" versus "moderate to major problem." The Perceived Financial Burden of Diabetes scale was adapted from the PORT Study. 9 It consisted of a 5-item scale that asked patients "How much of a burden is having diabetes on you and your family in each of the following areas: finances in general; finances due to the cost of medications; finances due to the cost of monitoring supplies; finances due to the cost of healthcare; and finances due to the cost of heath insurance because of diabetes." Response categories were on a 6-point scale ranging from "a very large burden" to "not a burden at all." Reliability (Cronbach's alpha) for this scale was 0.95. The scale was dichotomized between "not a burden at all" versus "very small to very large burden." Cost-related medication non-adherence was adapted from the Cost-related Medication Non-adherence scale. 10 This scale has been widely used among older patients with Medicare in several national studies, including the Medicare Current Beneficiary Survey. 10, 11 Cost-related medication non-adherence was determined by asking patients "During the last 12 months, have you: a) skipped doses of a medicine to make the prescription last longer; b) taken a smaller dose so the prescription would last longer (i.e. by cutting pills in half); c) spent less on food, heat, or other basic needs so that you would have enough money for your medicine; d) decided not to fill a prescription because it was too expensive; and e) not take your medicine because you can't afford them." Cronbach's Alpha for this scale was 0.71. Patients who answered "Yes" to any of these questions were considered to have underused medications because of cost constraints. The patient's insurance status was accessed using the clinics' administrative database. Patients' insurance status was categorized into the following four groups: commercial insurance, Medicare, Medicaid, or no insurance.
Combined household annual income from all sources was determined by patient survey. Responses were made on a five point scale (0=Less than $5,000, 1=$5000-$9,999, 2=$10,000-$14,999, 3=$15,000-$19,999, 4=$20,000-$59,999, 5=$60,000 and over). Patients' monthly out-of-pocket cost for medication was determined by asking "In an average month, how much do you pay out of pocket (from your own money) for prescription medication?" Responses were made on a five point scale (1=$0, 2=$1-$25, 3=$26-$50, 4=$51-$100, 5=over $100).
Other Covariates. Patients' race/ethnicity, age, and gender were self-reported. The Center for Epidemiological Studies Depression (CES-D) 13 was used to assess the presence and severity of depressive symptoms in the last week, using a 4-point scale (0=rarely or none of the time, 3=most of the time). Self-rated health was determined by asking patients to rate their current health on a 5-point scale from excellent (5) to poor (1). Comorbidity was measured using the Total Illness Burden Index (TIBI) 14 a 63-item summary measure of the presence and severity of the patient's diseases and symptoms that has been previously modified to reflect different index conditions. Duration of diabetes was determined by asking patient how long they have had diabetes. Number of medications was accessed by having patients list all of their current medications, and the data was converted as a count of total numbers of medication. Trust in the provider was measured by a 5-item scale based on the Patient Trust in Physician Scale. 15 All survey questions were translated into Spanish and Vietnamese, and then back-translated using standard protocols for linguistic and cultural comparability. 16 Translators were bilingual individuals whose native language was the target language but who were fluent in English. 16 Any discrepancies in translations were resolved by committee. Cognitive testing of the translated surveys were done and results were used in an iterative translation process. 17 The internal consistency reliability of all scales was evaluated in each of the three language groups (English, Spanish, Vietnamese). All scales had acceptable Cronbach alphas greater than 0.70.
Statistical Analyses
The data analysis was done in three phases. First, we examined the demographic, clinical, and financial characteristics of the patients by race/ethnicity. We used analyses of variance (ANOVA) tests to compare differences across the three racial/ethnic groups. Two tailed P values less than or equal to 0.05 were considered statistically significant. Second, using multivariate logistic regression models, we tested whether having: 1) low income; 2) high out-of-pocket medication costs; 3) presence of financial barriers to medical care; 4) perceived financial burden of diabetes; and 5) insurance status, were associated with cost-related medication nonadherence. A priori, we adjusted for race/ethnicity, age, gender, physical and mental health status, number of medications, and trust in the provider because these factors have been shown to affect cost-related medication non-adherence in previous studies. 12, [18] [19] [20] [21] Finally, we conducted multivariable logistic regression models to determine the impact of each of the financial factors of interest (income, out-of-pocket cost, presence of financial barriers to medical care, perceived financial burden of diabetes, and cost-related medication non-adherence) to poor glucose control (HbA1c≥8%). We built five models adding groups of variables in a sequential manner, including covariates, financial factors of interest independently, and then the full model. In the final model, we added insurance status to determine whether having health insurance would alleviate the financial pressures of diabetes care. A priori, we included in the adjusted models as covariates other possible predictors of glucose control as mentioned above (including race/ethnicity, age, gender, depressive symptoms, self-rated health, total illness burden, duration of diabetes, number of medications, and trust in provider). Table 1 shows the demographic clinical and financial characteristics of the patients by race/ethnicity. MexicanAmerican patients tended to be younger and female compared to Vietnamese or white patients (p<0.001). Although patients had diabetes for approximately 9 years, more Mexican American patients had poor glucose control (45.2% with HbA1c≥8%) compared to whites or Vietnamese-Americans (15.6% and 10.0% with HbA1c ≥8, respectively, p<0.001). The annual household income of Mexican and Vietnamese patients was significantly lower compared to whites (p < 0.001). Mexican Americans also reported having the presence of more financial barriers to getting medical care and more perceived financial burden due to their diabetes, compared to whites and Vietnamese (p< 0.001). Over half (53.2%) of Mexican Americans reported taking less medication than prescribed because of cost, whereas 27.2% of white and 27.6% Vietnamese patients reported cost-related medication non-adherence (p<0.001). A greater proportion of Mexican patients also were uninsured (39.8%), compared to white or Vietnamese patients (2.8% and less than 1%, respectively).
RESULTS
The correlation between each of the multiple measures of patients' financial characteristics is presented in Table 2 . Although all of the measures are significantly correlated with each other at p<0.001, there is sufficient discrimination between each variable to warrant their separate examination. were more likely to be non-adherent to medications due to cost, adjusting for race/ethnicity, age, gender, depressive symptoms, self-rated health, total illness burden, duration of diabetes, number of medications, and trust in the provider. Table 4 presents the results of five sequential logistic regression models examining the relationship between hemoglobin A1c and income, out-of-pocket cost, presence of financial barriers to medical care, perceived financial burdens of diabetes, cost-related medication non-adherence, and insurance status. All models were adjusted for noted covariates. As shown in models 2 and 3, the presence of financial barriers to medical care (aOR=1. 
DISCUSSION
To our knowledge, this is one of the first studies 4 to examine the associations among financial pressures, cost-related medication non-adherence, and glucose control in a large number of low-income White, Latino, and Asian patients with type 2 diabetes. Previous studies of cost-related medication nonadherence have primarily focused on white 22, 23 or African
American patients. 24 The findings from this study suggest that patients who perceived that they had financial burdens related to diabetes were more likely to be non-adherent to medications because of medication cost. Cost-related medication non-adherence was associated with poorly-controlled diabetes, as indicated by higher HbA1c. This relationship persisted, even after controlling for patients' health insurance status. Having health insurance, however, did mitigate the association between presence of financial barriers to obtaining medical care and patients' glucose control. This finding suggests that having health insurance may offset some of the financial barriers to obtaining medical care and increase patients' access to care. Having access to medical care may in-turn be associated with Note. Superscripts in the same row that are different indicate statistical significant differences between racial/ethnic group, P<0.05 *Range for Center for Epidemiological Studies Depression Scale is 0-33, with higher score denoting more depressive symptoms. †Range for Self-Rated Health is 1-5, with higher scale denoting better health ‡Range for Total Illness Burden is 0-18, with higher score denoting greater burden from comorbid conditions §Range for Trust in Provider is 1-100, with higher score denoting more trust ∥Range for Household Annual Income was categorized on 6-point scale (0=Less than $5,000 to 5=$6,000 and over) ¶Range for Monthly Out-of-Pocket Medication Cost was categorized on 5-point scale (1=$0 to 5=over $100) improved glucose control. However, cost-related medication non-adherence remains associated with glucose control, independent of insurance status. Furthermore, this study found that although both Vietnamese and Mexican-American patients reported having low annual incomes, Mexican-American patients reported having more financial barriers to receiving medical care, more perceived financial burden related to their diabetes, and more cost-related medication non-adherence, compared to Vietnamese and non-Hispanic white patients. While the findings suggest that having health insurance may eliminate some of the financial barriers to medical care that patients encounter, thus potentially accounting for improvements in patients' access to care, health insurance coverage by itself may not completely mitigate the perceived financial burdens of diabetes faced by low-income Mexican American patients.
This study has several limitations. First, the study was limited to patients living in one region of the country, and may not be generalizable to other geographic areas. Most of the financial variables, except for patients' insurance status, were based on self-report, and may be subject to social desirability bias. However, social desirability bias would lead to patients under-reporting their financial pressures and medication nonadherence, and would unlikely change the results of the study. Furthermore, there is no indication that one racial/ethnic group would be more susceptible to social desirability bias compared to another group. Recall bias is another limitation that is inherent to self-reported data. However, recall bias should not affect one racial/ethnic group more than another. This study only examined whether patients had different types of health insurance, but did not examine whether patients with health insurance were underinsured (had insurance but had limited coverage). However, we did examine monthly outof-pocket drug cost, which is one measure of underinsurance. Also, this study did not examine cost-related non-adherence of different types of medications or differences between generic and brand-name medications. These research questions will be the subject for future study. Finally, the study is crosssectional and thus can only suggest associations and not causality.
This study has several important implications. Medical providers should address patients' financial pressures during office visits. Patients may be reluctant to bring up their financial situation; however, physicians' initiation of the conversation may enhance patient satisfaction and trust. Providers who care for low-income patients also should be aware that financial pressures may result in medication non-adherence and poor glucose control, and have candid conversations regarding strategies to reduce medication costs. Note. All analyses included adjustment for race/ethnicity, age, gender, depressive symptoms, self-rated health, total illness burden, duration of diabetes, number of medications, and trust in the provider On a health system level, it is important to note that increasing health insurance coverage to more Americans may not completely mitigate the financial pressures that diabetic patients face. Health insurance coverage will undoubtedly increase access to medical care and eliminate some of the financial barriers associated with having no health insurance. Many patients, however, especially those who are low-income, may still face significant financial burdens associated with diabetes. Thus, providing health insurance coverage to more individuals is only the first step towards eliminating racial/ethnic health disparities. It is important to find ways to decrease medication cost as a way to improve medication adherence. Decreasing cost-related nonadherence may ultimately result in improved glucose control and possibly decrease diabetes-related mortality.
